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[57)  ABSTRACT

A read only memory includes a memary cell provided
at an intersection between a word line and a bit line, and

a plurallty of reference potential transmission lines each

receiving a reference potential determined in accor-
dance with an externally applied potential designating
signal. The memory cell includes a transistor element
having a gate coupled to a word line, a drain coupled to
a bit line and a source which is coupled to one of the
reference potential transmission lines or is held in an
open state. Stored data in the memory cell is changed by
swnchmg the potentials of the reference potential trans-

mission lines. This enables storing of different data bits
In one memory cell.
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1

READ ONLY MEMORY FOR STORING
MULTI-‘DATA

BACKGROUND OF THE INVENTION .

1. Field of the Invention

The present invention relates to a semiconductor
memory device and particularly to a read only memory
used for digital signal processing applications.

2. Description of the Background Art

As one type of semiconductor memory devices, therc

5

10

have been read only memories (referred to as “ROMs”

hereinafter) for storing information such as predeter-
mined programs or data, and these ROM’ have been
widely used for various purposes.

In digital signal processing fields, these ROM’s are
used as hold means for coefficients and storage means
for operations of a table look-up type. In the opcratmns
~ of the table look-up type, results of the operations corre-
sponding to inputs are prestored in a form of a table, and
a result corresponding to an applied input is searched in
the table for outputting. In the ROM’s storing such
tables, the inputs are used as addresses, and the results of
operations are stored correspondingly to the respective
- addresses.

In mtegrated circuit devices directed to a dlgltal sig-
nal processing, the ROM’s are assembled in these inte-
grated circuit devices. A major reason for which the

ROM is used for such signal processing application is

that one memory cell is formed of one transistor and
thus a required hardware is smaller in size or scale than
other memory devices such as SRAM’s (static random
access memories), upon storage of data of a common
capacity. Thus, the ROM’s have been used for the
above purposes because of low costs and relatively
small occupied area.

FIG. 1 schematically illustrates general structures of
a ROM. In FIG. 1, the ROM includes a memory cell
array 6 in which memory cells for storing information
are disposed in a matrix of rows and columns, an ad-
dress buffer 7 and an address decoder 8, both of which

15
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serve to select a desired memory cell in the memory cell

array 6.

The address buffer 7 receives an externally applied '

address input to generate an internal address corre-

sponding to the received address input. The address

decoder 8 decodes the internal address received from

43

the address buffer 7 to select the corresponding memory -

cell in the memory cell array 6.
The address input may include both of row and col-
umn addresses which designate the row and column in

the memory cell array 6, respectively, or may include

only the row address. The column address is not re-
quired if the ROM has a structure in which data in
memory cells in one row are simultaneously read out,
for instance, in a structure in which one row in the
memory cell array 6 provides one word. In this case, the
address input includes only the row address. If the
ROM has such a structure that one row is one page and
includes a plurality of words, it is necessary to read out

55
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include only the row decoder for selecting a row in the
memory cell array 6 or both of the row and column
decoders respectively selecting a row and a column in
the memory cell array 6. In FIG. 1 illustrating the
ROM, the address decoder 8 is generally illustrated to
include both of the cases described above.

The ROM shown in FIG. 1 further includes a control

signal generator circuit 10 res 6Egcmsiw to externally ap-
plied control signals CE and OE for generating internal

control signals such as signals AT, AT’, ¢p and OE, an

‘output circuit 9 which is activated in response to the

internal control signal OE, to sense and amplify the data
in the memory cells selected by the address decoder 8
for sending to an external as an output data D, and a
precharge circuit 41 for precharging bit lines (which are
internal data transmission line; and will be described
later) in the memory cell array 6, for instance, in a
standby state of the ROM to a predetermined reference
potential such as a supply potential Vcc level.

The internal control mgml AT provides a timing at
which an address input 7 is strobed to generate an inter-
nal address in the address buffer. The internal control
signal AT’ provides a timing for address decoding in the
address decoder 8. The output circuit 9 generally in-
cludes a sense amplifier for amplifying data of a selected
memory cell in the memory cell array 6 and an output
buffer for performing a buffer processing on this ampli-
fied output to generate an output data. The internal
control signal OE determines a timing for activating
this output circuit 9. The output buffer may be in an
output high impedance state when the control signal
OE 1is inactivated, or may be constructed to have an
output fixed at a predetermined reference potential. The
sense amphfier 1s activated to execute the amplifying
operation in response to this internal control signal OE.

The precharge circuit 41 is activated in response to
the internal control signal ¢p to precharge respective
bit lines to the predetermined reference potential.

‘The externally applied control signal % is a control
signal for enabling the ROM. The control signal OE is
a control signal for providing a data output timing for
the ROM. The precharge signal ¢p is enerally in an
activated state when the control signal g_ E 1s in an inac-
tivated state.

FI1G. 2 schematlcally ﬂlustrates a structure of a mem-
ory cell contained in the memory cell array 6 in the
ROM shown in FIG. 1. In FIG. 2, ROM memory cell
MC includes one MOS transistor (insulated gate type
field effect transistor) 1. This MOS transistor 1 has a
gate connected to a word line 2 and a source connected
to a reference potential line 4 which supplies a first
reference potential Vss (e. g~ a ground potential). A
drain of the MOS transistor 1 is selectively connected to
or disconnected from a bit line 3, depending on a stored
data in this memory cell MC. Although the source and

- drain of the MOS transistor 1 are determined in accor-

the data in desired memory cells among the memory

cells in one row. In this case, both of the row address
and the column address are required for respectively
designating the row and column addresses of the mem-
ory cells. In this case, the address input includes both
the column and row addresses.

Thus, the address decoder 8 has a structure depen-
dent on the structure of the ROM, and specifically, may

65

dance with its application, a conduction terminal con-
nected to the bit line will be called as the drain in the

following description. Connection and disconnection of

a region 16 encircled by a broken line in FIG. 2 is deter-
mined depending on whether a wiring is masked or not
in fabrication steps of the transistor. The bit line 3 is
provided at its one end with a precharge transistor 15
which is responsive to the precharge signal ¢p for con-
necting the bit line 3 to a second reference potential Vcc
which is, for instance, an operation power supply poten-

- tial. Now, an operation of the ROM shown in FIGS. 1
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and 2 will be described with reference to an operation

waveform diagram in FIG. 3.

~ If the control signal CE is at “H’* and the ROM is in
the disabled state (unselected state) and thus in the

standby state, the precharge signal ¢p is at the “H”

level. A precharge transistor 15 1s in the ON-state, and

the bit line 3 is precharged to “H”, i.e., the supply po-

tential Vcce level. |
When the control signal CE falls to “L”, this ROM is

enabled to start a memory cycle. In response to the fall
of this control signal CE, the address buffer 7 strobes an
externally applied address input and generates an inter-
nal address. This internal address is generated at the
timing determined by the control signal AT. The ad-
dress decoder 8 decodes the internal address from the
address buffer 7, and selects a corresponding row in the
“memory cell array 6 to transmit a row selection signal
WL to the word line corresponding to the selected row.
The decoding timing in the address decoder 8 is deter-
mined by the internal control signal AT'. When the row
selection signal WL is transmitted to the selected word
line to increase the potential thereof to “H”, the transis-
tor 1 in the memory cell MC connected to this selected
word line 1s turned on.

Description will further be made with reference to
such a case that the drain of the transistor 1 is connected
to the bit line 3 through the region 16. The precharge
transistor 18 connected to the bit line 3 is turned off
when the memory cycle starts, and the bit line 3 is held
at a floating state of “H”. In this case, a precharged
charges in the bit line 3 are discharged through the
turned-on transistor 1 to a first reference potential Vss,
resulting in lowering of the potential of the bit line 3.

If a wiring is not formed in the region 16 between the

S
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When one memory cycle is completed, the control
signal CE rises to “H”. The control signal CE can return
to “L” only after elapsing of a precharging time Tb.
This time Tb is a time required for precharging the bit
line 3 to the operation power supply potential Vcc
level. |

As described above, since the ROM’s have simple
memory cell structures suitable for high degree of inte-
gration, they are generally and widely used for storing
data and programs which require no change. However,
in the ROM’s, one memory cell is formed of one transis-
tor, so that the number of the required memory transis-
tors corresponds to the memory capacity. FIG. 4 illus-
trates a structure of the ROM of 8 words X 1 bit.

In FIG. 4, eight word lines 2e¢, 2f, 2g, 2A, 2i, 2j, 2k and
2/ and one bit line 3 form intersections at which memory
cell transistors le, 1f; 1g 14 1; 1j 1k and 1/ are dis-
posed, respectively. ' '

The memory transistors le, Ig 1/ and 1j are con-
nected at their drains through the regions 16 to the bit
line 3. The drains of the memory transistors 1£ 14, 1k
and 1/ are isolated at the wiring regions 16 from the bit
line 3. Sources of the respective memory transistors

1e-1/ are connected to a ground line 4, which supplies

the ground potential, i.e., the first reference potential
(referred to hereinafter as “‘ground potential”), and

- gates thereof are connected to the corresponding word

30

lines 2e-2/, respectively. |

The address input for designating the memory cell
transistors is externally applied and is decoded by the
address decoder 8 (see FIG. 1) to designate a word line
to which the row selection signal WL is transmitted. In

- the structure shown in FIG. 4, the row selection signal

35

transistor 1 and the bit line 3, there is no discharging

path for the charges between the transistor 1 and the bit
line 3. In this condition, the bit line 3 maintains its pre-
charged potential. The potential of this bit line 3 will be
sensed and amplified by an amplifier included in the
output circuit 9. An activation of this amplifier is ef-
fected by the control signal OE. This may also be exe-
cuted by a delay signal of the control signal CE.

When the control signal OE falls to “L”, the output
circuit 9 (output buffer) is activated, and the data in the
selected memory cell is output as the output data D
after amplification. FIG. 3 illustrates a case in which the
signal OE is at “H” and the output data D is in a high
impedance state. When the output control signal OE
falls to “L”, the output data D is initially invalid and
~will be valid after a predetermined time. This is due to
a fact that 1t is unclear whether a value of the output
data at the time of falling of this control signal OE is the
data in the selected memory cell. This is due to a fact
that the activating timing of the amplifier included in
the output circuit 9 is determined by the control signal
OEor gE and, when the output circuit 9 is activated, it
is unclear whether the data in the selected memory cell
is output or not as the output data D through the output
buffer after amplification by the amplifier.

In the operation waveform diagram shown in FIG. 3,
there is illustrated an example, in which holding of the
data “1” by the memory cell MC corresponds to a case
in which the region 16 shown in FIG. 2 is disconnected
and the bit line 3 holds the precharged potential, and in
which holding of the data “0” by the memory cell MC
corresponds to a case in which the region 16 is con-
nected and the potential of the bit line 3 lowers.

45
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WL is transmitted to one of the word lines 2e-2/. It is
assumed that the word lines 2e-2/ correspond to address
1-address 8, respectively. |

In the ROM of 8 wordsxX 1 bit, the address inputs,
potentials in the word lines, selected memory cell tran-
sistors (turned-on transistors) and the data read at re-
spective times have a relationship listed in FIG. §.

For example, if the address input is the address 1, the
word line 2¢ is selected and the potential thereof rises to
“H” so that the memory cell transistor 1e is turned on.
Since this memory cell transistor 1e has the drain con-
nected to the bit line 3, the potential of the bit line 3 falls
to “L” and “0” is read as the data. Similarly, in the other
memory cell transistors, the potential of the word line
corresponding to an address input rises to “H” and the
memory cell transistor connected to the selected word
lines is turned on, respectively, so that the data to be
read is determined in accordance with the connection
conditions between the drain and the bit line 3.

As described above, the memory cell of the ROM of
8 words X 1 bit requires one transistor per each memory
cell and thus totally requires eight transistors. Gener-
ally, the ROM of N words XM bits requires NxXM
transistors in the memory cell array. Therefore, an in-
crease of the capacity of the ROM causes a problem
that the number of the memory cell transistors included
therein increases and thus the occupied area thereof also
increases. Further, if the memory cell array area is re-
stricted, it is difficult to obtain the memory cell transis-
tor formation region having a sufficient area, and thus
the memory cell transistors having high reliability can-

not be obtained.

If ROM’s described above are used for a digital signal

processing purpose, a so-called bank system in which
the ROM’s are switched in accordance with process
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contents is often employed. FIG. 6 schematically illus-
trates the structure of ROMs for achieving an operation
in a table look-up manner.

In FIG. 6, there are illustrated a first ROM 31g and a
second ROM 315 which have stored sets of coefficients
corresponding to operation modes, respectively. Either
of the first and second ROM’s 312 and 315 is selected in
accordance with the operation mode, i.e., in accordance
with the processing contents by an operation mode
designating signal SA which is selectively applied to the
selection inputs SE of the first and second ROM’s 31¢a
and 31b.

10

6

form an output XAij-Xij, where Aij is a coefficient
supplied from the selected ROM.

In the structures shown in FIG. 7, one of the coeffici-
ent ROM’s is selected in accordance with the operation

‘mode, so that the predetermined operation is performed

in the matrix operation circuit 33 with respect to the
input Xij and the coefficient from this selected ROM. In
this operation, if resolution (constituent bit number, i.e.,
data width) of the input Xij is increased and the scales of
the unit block handled by the matrix operation circuit
33 are increased, the number of the coefficients stored in

" the respective ROM’s 324-324 is increased and the data

The ROM 31q has stored output results a-x corre-

sponding to inputs x and the ROM 315 has stored out-
put resuits b-x corresponding to the inputs x. These
inputs x are applied to the ROM’s 31¢ and 31b as the
address inputs, respectively.

In the ROM bank structure described above, if the
operation designating signal SA has selected the ROM
314, outputs z=a-x are obtained from the inputs x. If the
operation mode designating signal SA has selected the
ROM 315, outputs z=b-x are obtained from the inputs
x. As an example of the bank structure, such a case can
be envisaged that one of the ROM’s outputs results of
multiplication of the inputs x by 2 and the other ROM
outputs results of division of the inputs x by 2.

The bank structure in which the banks are switched
in accordance with the operation modes require a plu-
~ rality of ROM’s, so that, assembling of the ROM’s in an
integrated circuit device dedicated to the digital signal
processing causes a problem of a large occupied area. In
this case, although combinations of the inputs x and the
operation mode designating signals SA may be used as
the addresses so as to provide two banks only by one
ROM, this one ROM requires the memory capacity
- same as those of the two ROM’s shown in FIG. 6, re-
sulting in large scales or sizes. |

An image processing purpose is a typical example of
the digital signal processing purposes. In the image
processing field, transform such as orthogonal trans-
form or conversion of sampling frequencies is often
performed. For example, in discrete Fourier transform,
coefficients for respectively executing Fourier trans-
form and inverse Fourier transform as well as matrix
substitution for a butterfly operation are stored in differ-
ent ROM’s. |
- FIG. 7 schematically illustrates structures for a ma-
trix operation circuit in a semiconductor integrated
circuit device dedicated to such an image processing.
Structure of the integrated circuit device for the signal
processing shown in FIG. 7 is disclosed, for instance, in
“Nikkei Electronics”, No. 492, Feb. 5, 1990, pp
174-175. FIG. 7 illustrates a part of the circuit structure
for performing a two-dimensional discrete cosine trans-
form, and the illustrated device includes a matrix opera-
tion circuit 33 as well as ROM’s 32q, 325, 32¢ and 324
for storing sets of predetermined coefficients, respec-
tively. In order to set one of these ROM’s 32¢-32d in a
selected state, an externally applied operation mode

designating signal SB (2 bits) is selectively applied to

' selection inputs SE of the ROM’s 324-324d.
A matrix operation circuit 33 performs a transform

operation using pixels of predetermined n rows by m

columns (e.g., 8 rows by 8 columns) as one unit. That is;
when one unit block of pixels Xij 1s applied, the matrix
operation circuit 33 multiplies this applied input Xij by
the coefficient from one of the ROM’s 3245-324 and the
- multiplied result will be sequentially accumulated to
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width of the coefficients is also increased, resulting in
increase of capacities of the ROM’s. Therefore, in the
structures operable to switch these ROM’s in accor-
dance with the respective operation modes, a plurality
of ROM’s are required and the scales of the ROM part
for storing the coefficients are increased, which im-

pedes a high integration.
20

The structure shown in FIG. 7 employs the four
coefficient ROM’s for a reason that it supports follow-
ing ROM’s, i.e,, a ROM storing coefficients for the
discrete cosine transform, a ROM storing coefficients
for performing an inverse discrete cosine transform, a
ROM storing coefficients by which a matrix substitu-
tion is executed for a butterfly operation, and a ROM
for storing coefficients utilized to obtain a function as a
filter (low-pass filter) in a loop for reducing a block
distortion generated in a decoding operation with the
discrete cosine transform. When the function as the
filter in the loop is utilized, the matrix operation circuit
33 functions as one digital filter.

Further, as shown in FIG. 8, a ROM is often used as
a program ROM for storing a predetermined program.
This program ROM 35 usually stores a microcoded
program, and has such an advantage that a CPU (cen-
tral processing unit) 36 can execute a predetermined
processing program at a high speed without accessing

~ an external storage device. For the control purposes

40

45

53

65

and others, if the above CPU 36 and program ROM 35

are used as a control circuit, they are often used in'a

one-chip microcomputer. If the scales of the processing
program stored in this program ROM 35 are increased,
the scales of the program ROM 35 are also increased,
and thus such control circuit can not be constructed to

be compact in one chip.

Then, description will be made with respect to a
control system which determines the system to be nor-
mal only when both of a state variable at a point A and
a state variable at a point B satisfy predetermined condi-
tions. The input x indicates a given state variable at the
point A and the input y indicates a given state variable
at the point B. Consideration will be made with respect
to the control system adapted to hold values ax and ay,

which are the inputs x and y multiplied by a coefficient

a, at predetermined reference values p and q, respec-
tively. A structural example of the above control system
is illustrated in FIG. 9.

In FIG. 9, this control system includes a first ROM 41
storing multiplied results ax of the inputs x in a form of
a table, a second ROM 42 for storing multiplied results
ay of the inputs vy in a form of a table, a subtracter 43
which subtracts the predetermined reference value p
from an output ax of the first ROM 41, a subtracter 44
which subtracts the second reference value q from an
output ay of the second ROM 42, and an operation
circuit 45 adapted to determine that the system is in a
normal operation and generate a normal indication sig-
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nal only when both of the outputs of the subtracter 43
and 44 are smaller than a predetermined value. As an
example of a system, there may be a case in which the
inputs x and y are detected outputs of thermo-couples,
and the coefficient “a” is determined to convert these
detected outputs to temperatures. |

The operation circuit 45 is adapted to output the
system normal indication signal only when the output
ax-p from the subtracter 43 is not more than a first
predetermined value (allowable error) and the output
ay-q from the subtracter 44 is not more than a second
predetermined value. In this case, the inputs x and y are
required to be processed simultaneously, so that two
ROM’s, i.e., the first ROM 41 and the second ROM 42
storing the same coeflicient are required. In this case,
although the first and second ROM’s 41 and 42 have
same storage contents, the separate and different inputs
x and y cannot be applied simultaneously to one of the
ROM’s. Therefore, such a problem is caused that the

conirol system described above cannot have compact

structures and a small occupied area.

SUMMARY OF THE INVENTION

An object of the invention is to provide a ROM,
overcoming above-noted disadvantages of the prior art
ROM'’s, in which a storage capacity can be remarkably
increased with a same occupied area.

Another object of the invention is to provide a ROM
which implement a more storage capacity with fewer
memory transistors.

Still another object of the invention is to provide a
ROM in which one memory cell can represent a plural-
ity of different word bits.

Yet another object of the invention is to provide a
ROM having a small occupied area and capable of des-
ignating a plurality of different addresses in one mem-
ory cycle.

A read only memory according to a first aspect of the
invention, includes at least one bit line for transmitting
data, word lines for transmitting row selection signals,
and memory cells disposed at intersections of the bit line
and the word lines for storing information.

The read only memory of the first aspect further
includes a plurality of reference potential transmission
lines to which reference potentials are transmitted, re-
spectively, and potential setting means for setting the
potential of each reference potential transmission line in
response to an externally applied potential designating
signal.

Each memory cell includes a memory cell transistor
which is formed to connect or disconnect one of said
reference potential transmission line to or from the
corresponding bit line in response to the activated row
selection signal 1n the corresponding word line.

A read only memory according to a second aspect of
the invention comprises a plurality of selection signal
transmission lines to which selection signals are inde-
pendently transmitted, respectively, a plurality of refer-

ence potential transmission lines to which reference 60

potentials are transmitted, respectively, and a memory
cell including a plurality of transistor elements disposed
correspondingly to the selection signal transmission
lines, respectively. Each of these transistor elements
includes a control electrode coupled to the correspond-
ing selection signal transmission line, and a first conduc-
tion terminal coupled to a common node which is com-
monly provided at these transistor elements.
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The read only memory according to the second as-
pect further comprises a plurality of data transmission
lines provided correspondingly to the transistor ele-
ments, respectively. The common node is adapted to be
selectively connected to one of the reference potential
transmission lines or disconnected from all of the plural-

ity of reference potential transmission lines. The data
transmission lines each transmit data which forms stor-

age information of a memory cell and is determined by
connection and disconnection with respect to one of the
reference potential transmission lines through the corre-
sponding transistor elements.

The read only memories of the first and second as-
pects have the reference potential transmission lines in
which potentials are switched in response to externally
applied signals. Storage of the information in the transis-
tors of the memory cell is based on the conditions of
connection between the bit line and these reference
potential transmission lines when a word line is selected.

The potentials of the reference potential transmission
lines are changed in response to the externally applied
potential designating signals;, which allows change of
the information which the memory cell transistors
transmit to the bit line when a word line is selected.
Therefore, even if a same memory cell is selected, a
plurality of different word bits can be represented, and
thus one memory cell can correspond to a plurality of
addresses in the read only memory.

Each transistor element in the memory cell of the
second aspect stores the information, based on the con-
nection condition between the corresponding bit and
these reference potential transmission lines when the
corresponding word line is selected. The mutually inde-
pendent selection signals are transmitted to the selection
signal transmission lines related to one memory cell.
Therefore, the transistor elements in the memory cell
can be independently held in the selected conditions.
Accordingly, one memory cell can be simultaneously
selected by two kinds of selection signals and the stored
information in this memory cell can be read in paraliel
through the corresponding data transmission lines.

These structures further enable simultaneous setting
of the memory cells at the different addresses in the
selected conditions and simultaneous transmitting of the
information in the selected memory cells to the data
transmission lines for reading. This provides the read
only memory in which a plurality of addresses can be
designated in one memory cycle.

The foregoing and other objects, features, aspects
and advantages of the present invention will become
more apparent from the following detailed description
of the present invention when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a whole structure of a prior art read
only memory;

FIG. 2 illustrates a structure of a memory cell in a
prior art read only memory;

FIG. 3 is a signal waveform diagram for illustrating
an operation of a prior art read only memory;

FIG. 4 illustrates an example of structures of a mem-
ory cell array in a prior art read only memory;

FIG. § 1s a list for illustrating operations of a read
only memory shown in FIG. 4; |

FIG. 6 illustrates an example of usage of prior art
coefficient ROM’s;
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FIG. 7 schematically illustrates an example of a prior
art system including coefficient ROM’s with a bank
structure;

FIG. 8 illustrates an example of structures of a system
including a ROM used as a program ROM.

FIG. 9 1llustrates an example of structures of a con-
trol system using a prior art ROM; '

FIG. 10 schematically illustrates a whole structure of
a ROM of an embodiment of the invention;

- FIG. 11 illustrates an example of structures of a mem- 10

ory cell in a ROM of an embodiment of the invention;
FIG. 12 is a list for illustrating operations of a ROM
memory cell shown in FIG. 10;
FIG. 13 tllustrates a structure of a memory cell array
part included in a ROM of 8 words X 1 bit including a
ROM memory cell shown n FIG. 11;

FIG. 14 is a list for illustrating operations of a ROM

shown in FIG. 13;
FIG. 15 shows an arrangement of memory cells of 4

rOwWS by 4 columns corresponding to the memory cells 20

shown in FIG. 13;

FIG. 16 summarizes the operation of the memory
arrangement of FIG. 15 in a list;

FIG. 17 shows another arrangement of memory cells
according to the present invention;

FIG. 18 illustrates an example of specific structures of
a reference potential generation circuit shown in FIG.
14,

FIG. 19 illustrates another example of structures of a
ROM memory cell according to the invention;

'FIG. 20 is a list for illustrating operations of a ROM
memory cell shown in FIG. 16;

FIG. 21 shows another arrangement for precharging
the bit line according to another embodiment of the
invention;

FIG. 22 is a list of possible combinations of storage
data which one memory cell can store when three banks
are to be represented by one ROM;

FIG. 23 schematically illustrates structures of a mem-
ory cell for attaining a list shown in FIG. 22;

FIG. 24 1s a hist for illustrating operations of a mem-
ory cell shown in FIG. 23;

F1G. 25 illustrates an example of specific structures of
a reference potential generation circuit for applying a

reference potential to a reference potential transmission 45

lines for a memory cell shown in FIG. 23;

FIG. 26 is a list for illustrating a correlation between
bank selection signals and banks to be selected;

FIG. 27A and 27B schematically illustrate a structure

of an array part of a ROM of still another cmbodlmcnt 50

of the invention;

FIG. 28 illustrates a layout of a conventional ROM;

FIG. 29 is a cross sectional view taken along the line
A—A' of FIG. 28; |

F1G. 30 is a diagram showing the arrangement of
conventional ROM cells;

FIG. 31 shows a waveform diagram in reading data
in the conventional ROM cells of FIG. 30;

FIG. 32 shows schematically variation of source
potentials in conventional ROM cells;

FIG. 33 shows a memory cell arrangcmcnt according

to further embodiment of the present invention; |

FIG. 34 shows a cross sectional view taken along the

line B—B’ of FIG. 33;

FIG. 35 shows a memory cell arrangcmcnt equiva- 65

lent to the memory cell layout of FIG. 33;
FIG. 36 illustrates a whole structure of a ROM of yet
another embodiment of the invention;

15

25

33

40

10

FIG. 37 schematically illustrates a structure of a
major part of a read only memory shown in FIG. 36:

F1G. 38 illustrates a structure of a memory cell in-
cluded in a read only memory shown in FIG. 36;

FI1G. 39 is a view for ﬂlustratmg an operation mode of
a read only memory shown in FIG. 36; and

FIG. 40 1s a list illustrating correlation between, stor-
age information in memory cells shown in FIGS. 37 and
38, and connection conditions between a common node

and reference potential transmission lines.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 10 schematically illustrates a whole structure of
a ROM of an embodiment of the invention. In FIG. 10,
a ROM 100 comprises, in addition to components of the
prior art ROM shown in FIG. 1, a reference potential
generation circuit 50 responsive to an externally applied
potential designating signal S, for generating a predeter-
mined set of reference potentials and transmitting them
to reference potcntlal transmission lines (not shown in
FI1G. 10) prowded in a memory cell array 6. In the
ROM shown in FIG. 10, portions corresponding to

those in the prior art ROM have allotted same reference
numbers.

‘This potential designating signal S may be a signal
such as an operation mode designating s1gnal a bank
selection signal or an address signal. If it is an address
signal, the signal S may be internally generated in accor-
dance with the address signal.

FIG. 11 illustrates an example of structures of a mem-
ory cell in the ROM of an embodiment of the invention.
In FIG. 11, a memory cell MC includes one MOS tran-
sistor 1 and reference potential transmission lines 8g and
5b, each receiving a reference potential. The reference
potential generation circuit 50 shown in FIG. 10 trans-
mits to these reference potential transmission lines 5q
and S5b combinations of the reference potentials deter-

~mined in accordance with the externally applied poten-

tial designating signal S.
The memory cell transistor 1 has a drain connected to

a bit line 3, a gate connected to a word line 2 and a
source selectively disconnected from and connected to

~one of the reference potential transmission lines 5q and

35

60

5b or a ground line 4. In accordance with the condition
of the connection between the source of this memory
transistor 1 and the reference potential transmission
lines (the ground line 4 is referred to as “reference po-
tential transmission line” hcreinafter), information
stored in this memory cell MC is determined. Follow-
ing two cases are possible combinations of the reference
potcntmls applied to the reference potential transmis-
sion lines 5a and 5b.

Case 1: The potential of “H” is transmitted to the first
reference potcntlal transmission line 5q, and the
potential of “L” is transmitted to the second refer-
ence potential transmission line 55.

Case 2: The potential of “L” is transmitted to the first
reference potential transmission line 5g, and the
potential of “H” is transmitted to the second refer-
ence potential transmission line §b.

In each of these cases 1 and 2, the connection conditions
of the source of the memory cell transistor and the
stored information in these conditions have relationship

listed in FIG. 12. |

Now, data reading operations of the ROM of an em-

bodiment of the invention will be described below with
reference to FIGS. 10 to 12. The stored information in
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the memory cell MC is determined by the connection
relationship between the source terminal of the memory
cell transistor 1 and the reference potential transmission
lines 4, 5a and 8b. First, the case 1 will be described.

In a manner similar to that in the prior art, the bit line
3 1s precharged to “H” of the power supply potential
Vcc. After this precharging, the word line 2 is selected
by an address input, and the row selection signal WL is
transmitted to this selected word line 2 to raise the
potential of the word hne 2 to “H”.

At this time, the potential of the first reference poten-

tial transmission line 8a is set at ‘“‘H” and the potential of

the second reference potential transmission line 5 is set
at “L”. When the memory cell transistor 1 becomes
conductive in response to the potential of the selected
word line 2, the charges precharged in the bit line 3 are
discharged if the source terminal thereof is coupled to
the ground line 4 or the second reference potential
transmission line §6. Thereby, the potential of the bit
line 3 decreases and the data “O” is read.

If the source terminal of the memory cell transistor 1
is connected to the first reference potential transmission
line Sa or held in an open condition (disconnected or
open-circuited condition), the charges precharged in
the bit line 3 are not discharged and the bit line 3 main-
tains the precharged potential, and thus the data “1” is
read.

Then, the case 2 will be described. In this case, the
potential of the first reference potential transmission
line Sa is “L”’ and the potential of the second reference
potential transmission line 8§b is “H”. After precharging

of the bit line 3, the potential of the word line 2 is set at -

“H” to turn on the memory cell transistor 1. If the
source terminal of the memory cell transistor 1 is con-
nected to the ground line 4 or the first reference poten-
tial transmission line §g, the charges precharged in the
bit line 3 are discharged, and the data “0” is read.

If the source terminal of the memory cell transistor 1
is connected to the second reference potential transmis-
sion line 56 or held in the open state, the precharged
potential of the bit line 3 is not changed, and thus the
data “1” is read.

As described above, by switching the reference po-
tentials of the reference potential transmission lines 5a
and 85, two independent data can be stored in one mem-
ory cell.

- FIG. 13 illustrates a structural example of a memory
cell array in the ROM of 8 words X 1 bits, which uses
the memory cell structure shown in FIG. 11. In FIG.
13, four word lines 12a, 125, 12¢ and 124 and the bit line
3 have intersections at which memory cell transistors
11ag, 115, 11c and 114 are disposed, respectively.

Paralle] to the bit line 3, there are disposed the first
reference potential transmission line 5g, the second
reference potential transmission line 55 and the ground
line 4.

The memory cell transistor 11¢ has a source coupled
to the ground line 4, a gate coupled to the word line 124
and a drain coupled to the bit line 3. The memory cell
transistor 115 has a source coupled to the first reference
potential transmission line §a, a gate coupled to the
word line 125 and a drain coupled to the bit line 3. The
memory cell transistor 11c has a source coupled to the
second reference potential transmission line 5b, a gate
coupled to the word line 12¢ and a drain coupled to the
bit Iine 3. The memory cell transistor 114 has a source
held in the open state (disconnected state), a gate cou-
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ELed 3tm the word line 124 and a drain coupled to the bit

e 3.

By switching the potentials of the reference potential
transmission lines Sz and 55, one memory cell can store
the information in two addresses. That is; the structure
in which one word line corresponds to two different
addresses can be obtained.

FIG. 14 1s a list illustrating operations of the ROM
shown in FIG. 13. | |

As shown in FIG. 14, in a case A in which the poten-

- tials of the reference potential transmission lines 8a and

Sb are “H” and “L”, respectively, the memory cell
transistors 11a-11d are selected corresponding to the
addresses 1 to 4 and the data *“0”, “1”, “0” and “1” are
read.

In a case B in which the potentials of the reference
potential transmission lines 5 and 5b are switched to
“L” and “H”, respectively, the memory cell transistors
11a-11d are selected corresponding to the addresses 5
to 8 and the data “0”, “0”, “1” and “1” are read, respec-
tively.

Thus, in the above structure, the word line 12a corre-
sponds to the addresses 1 and 5, the word line 125 corre-
sponds to the addresses 2 and 6, the word line 12¢ corre-
sponds to the addresses 3 and 7, and the word line 124
corresponds to the addresses 4 and 8. |

As described above, even if the memory cell transis-
tor has the source terminal connected to a fixed point or
portion, it is possible to cause one of the word lines to
correspond to a plurality of addresses by switching the
potentials of the reference potential transmission lines
Sa and Sb. Therefore, even in the ROM having a same
capacity, the number of the memory cell transistors can
be remarkably reduced. For example, in a comparison
between the prior art ROM of 8 words X 1 bit structures
shown in FIG. 4 and the memory cell array of the ROM
in FIG. 13, it can be found that the number of the mem-
ory cell transistors in the structure shown in FIG. 13 is
4 and thus is halved with respect to that of the prior art.

FIG. 15 shows a memory array arrangement for a
ROM of 8 words by 4 bits using the memory structure
shown in FIG. 11. |

Referring to FIG. 15, four word lines 124, 125, 12¢
and 124 are arranged to run intersecting four bit lines
3a, 3b, 3c and 3d. A group of reference potential trans-
mission lines 4, 52 and 5b are provided for each of bit
lines 3a through 3d. Reference potential transmission
lines 4, Sa and 5b are arranged running paralle]l with the
bit lines 3a through 3d. Reference potential transmission
lines Sa and 5b are connected, respectively, to main
reference line RP1 and RP2 running parallel with the
word lines 124 through 124, Main reference lines RP1
and RP2 receive reference potentials from the reference

potential generator 50.

Memory transistors 11g through 114 are disposed at
respective intersections of the word lines 12z through
12d and the bit line 3a. Memory transistors 11a through
114 have their gates connected to respective word lines
122 through 124. Memory transistor 11a has a source
terminal connected to the ground line 4. Memory tran-
sistor 115 has a source terminal connected to the refer-
ence potential transmission line Sa. Memory transistor
11c has a source terminal connected to the reference
potential transmission line 55, Memory transistor 124
has a source terminal open-circuited.

Memory transistors 11e, 11f 11g and 114 are disposed
at respective intersections of the word lines 124 through
124 and the bit line 3b. Memory transistors 11e, 11f and



5,289,406

13

11g have their respective source terminals connected to
the reference potential transmission lines 5aq, 5b and 4.
Memory transistor 114 have a source terminal open-cir-
cuited. | -
Memory transistors 11/, 11j, 11k and 11/ are disposed
at respective intersections of the word lines 12a through
124 and the bit line 3c. Memory transistor 11/ has a
source terminal open-circuited. Memory transistors 11,
11k and 11/ have their respective source terminals con-
nected to the reference potential transmission lines 4, 86
and Sa. Memory transistors 11/ through 11/ have their
respective gates connected to the word lines 124
through 124.
- Memory transistors 11m, 11n, 110 and 11p are de-
posed at respective intersections of the word lines 124
through 12d and the bit line 3d. Memory transistors 11m
through 11p have their respective gates connected to
the word lines 124 through 12d. Memory transistors
11m and 11n have their respective source terminals
connected to the reference potential transmission line

5b. Memory transistors 11o and 11p have their respec-.

tive sources connected to the reference potential trans-
mission line 5a.

Precharge transistors 15a through 15d are provided
for the bit lines 3a through 34, respectively. Precharge
transistors 15a through 15d precharge associated bit
lines to Vcc level (“H”) in response to the precharge
signal ¢P.

In the arrangement shown in FIG. fS, switching of |
potentials on the main reference lines RP1 and RP2 30

allows a memory cell to store data for two different
addresses, similarly with the arrangement shown in
FIG. 14. In other words, a single word line 12 corre-
sponds to two different addresses.

FIG. 16 summarizes the operation of
shown in FIG. 1§ in a table.

Now, the case A where the reference potential trans-
mission lines Sa and 85 receive “H” (Vcc level) poten-
tial and “L” (ground level) potential, respectively, will
be described with reference to FIGS. 15 and 16.

When address 1 is designated, the word line 12¢q is
selected to turn on the memory transistors 11g, 11e, 11i
and 11m. Data of “0”, “1», “1” “0” are transmitted onto
respective bit lines 3a, 35, 3¢ and 3d4. |

the ROM

Upon designation of address 2, the word line 125 is 45

selected to turn on the memory transistors 115, 11 11/
and 11n. Data of “1”, “0”, “0” and ‘0" are transmitted
onto the bit lines 3a, 35, 3¢ and 3d, respectively.

Upon designation of address 3, the word line 12¢ is

selected to turn on the memory transistors 11c, 11g, 11k 50

and 110, respectively. Data of “0”, “0”, “0” and “1” are

read out onto respective bit lines 3g, 3b, 3¢ and 34.
For address 4, the word line 124 is selected. Memory

transistors 114, 114, 11/ and 11p are turned on to trans-

mit data of “17, “1”, “1”” and “1” onto respective bit 55

lines 3a, 3b, 3c and 34.

Now, a case B where the main reference lines RP1
and RP2 receive “L” and “H” signals, respectively, is
considered.

For the addresses 5, 6, 7 and 8, the word lines 122, 60

12b, 12¢c and 124 are selected, respectively. For respec-
tive cases, data of “0,0, 1,17,%0, 1,0, 17,*1,0, 1, 0" and
“1, 1,0, 0” are read out on to the bit lines 3a through 34.

Thus, each respective word line is selected by two

different addresses. For example, the word line 12g has 65

addresses 1 and 5 allotted thereto. 8 words by 4 bits (one
word provides 4 bits) arrangement can be implemented
by 4X4 memory transistors 11a through 11p.
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FI1G. 17 shows another arrangement of memory array
of ROM, which arrangement is equivalent in electrical
connection to the arrangement of FIG. 15.

In the arrangement of FIG. 15, a group of reference
potential transmission lines 4, 52 and 55 is provided for
each respective bit line 3 (the reference numeral 3 desig-
nates generically the bit lines 3¢ through 34).

In the arrangement shown in FIG. 17, a group of

reference potential transmission lines 4, 3¢ and 5b is

shared between the memory transistors associated with

two adjacent bit lines. More specifically, the memory
transistors 11a, 115, 11c and 114 coupled to the bit line

a and the memory transistors 11e, 11/ 11g and 114 cou-
pled to the bit line 35 share common reference potential

transmission lines 4, 5a and 5b.

Memory transistors 11/ through 11/ coupled to the bit
line 3¢ and memory transistors 11m through 11p cou-

pled to the bit line 3d share another group of reference

potential transmission line 4, 5¢ and 5b.

~ The arrangement of FIG. 17 provides the same read-
out data as the arrangement of FIG. 15, because the
electrical connections of these arrangements are the
same with each other. |

According to the arrangement of FIG. 17, only a
group of reference potential transmission lines 4, 8¢, §b
1s provided for two adjacent bit lines. Thus, intercon-
nection area for the reference potential transmission
lines is greatly reduced, to reduce the memory array
area.

An arrangement may be employed in which a part of
the reference potential transmission lines 4, Sz and 5b,
for example a ground line 4, is arranged to be shared
between the memory cells of the two adjacent bit lines.

In addition, a group of reference potential transmis-
sion lines 4, 5a and 5b may be arranged to be shared by
the memory cells of more than two bit lines.

FIG. 18 illustrates an example of specific structures of
the reference potential generation circuit 830 shown in

FIG. 10. In FIG. 18, the reference potential generation

circuit 50 includes two inverters IV1 and IV2 con-
nected in tandem. The inverter IV1 receives the poten-
tial designating signal S. An output of the inverter IV1
is transmitted to the reference potential transmission
line 55. An inverter IV2 receives the output of the in-
verter IV1. The output of the inverter IV2 is transmit-
ted to the reference potential transmission line 8a. In the
structure shown in FIG. 18, the potentials of the refer-
ence potential transmission lines 5q and 55 can be deter-
mined in accordance with “H” and “L” of the potential
designating signal S. '.

In the memory cell structure shown in FIG. 11, the
reference potential transmission lines are three in num-
ber. - However, the structure can be replaced with one
in which the reference potential transmission lines are
four in number and the source terminal of the memory
cell transistor is normally connected to one of these four
reference potential transmission lines.

FIG. 19 illustrates an example of structure of a ROM
memory cell which is an another embodiment of the
invention. The structure in FIG. 19 includes, in addition
to the three reference potential transmission lines 4, 5
and 5b, a fourth reference potential transmission line
(e.g., power supply line) 20 adapted to transmit the
reference potential Vcc which is, for instance, an opera-
tion power supply voltage. |

The storage data of the memory cell is determined by
the selection of the reference potential transmission
lines 4, Sa, 5b and 20 actually connected to the source
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terminal of the memory cell transistor 1. In this case, the
source terminal of the memory cell transistor 1 is con-
nected to one of these four reference potential transmis-
sion lines 4, 5a, 55 and 20 without exception. The poten-
tial of “L” is predeterminedly transmitted to the ground
line 4, and the potential of “H” is predeterminedly
transmitted to the power supply line 20. The potentials
of the first and second reference potential transmission
lines Sa and 5b are set at “H” or “L” in response to the
potential designating signal S. -

Operations of the memory cell shown in FIG. 19 will
~ be briefly described below. Description will be made
with respect to a case in which the source terminal of
the memory cell transistor 1 is connected to the power
supply line 20. In this case, if the memory cell transistor
1 is set in the selected state, the bit line 3 maintains the
unchanged potential, i.e., the precharged potential “H”,
regardless of the potentials of the reference potential
transmission lines 54 and 55, so that the data “1” is read
from the memory cell transistor 1. If the source terminal
of this memory cell transistor 1 is connected to one of
the other reference potential transmission lines 4, 5a and
5b, operations will be performed similarly to that of the
memory cell structures shown in FIG. 11. The opera-
tions of the memory cell shown in FIG. 19 is listed in
FIG. 20.

As can be see from comparison between FIGS. 20
and 12, the memory cell structure shown in FIG. 11 and
the memory cell structure shown in FIG. 19 perform
substantially same operations.

In the memory cell structure shown in FIG. 19, since
any condition of connection allows the charging or

discharging of the bit line 3, the ROM capable of read--

ing the data without precharging of the bit line 3 can be
obtained. Therefore, it is not necessary to provide the
precharge circuit 41 and thus to consider a time period
Tb (see FI1G. 3) required to precharge the bit line, so
that the ROM can have a small occupied area and a
high operation speed. |

In the ROM memory cell structure as shown in FIG.
19, the bit hine 3 may be precharged not to the power
supply potential Vcc but to an intermediate potential of
Vec/2 as shown in FIG. 21, in which case the charging
and discharging of the bit line for the data reading is
performed from the intermediate potential to “H” or
“L”, so that the charging and discharging operations
require time periods shorter than those in the prior art
device, and also require reduced currents consumption.
Therefore, the ROM having the high speed and the low
consumption current can be obtained.

In FIG. 21, § Vcc generator 500 is provided to pre-
charge each bit line 3 to half a Vec level. $ Vec genera-
tor 500 is known in DRAM (dynamic RAM) field for
precharging bit lines to half a Vcc level, and such a $
Vcce generator of DRAM may be applied to the 3 Vee
generator 500. |

In the embodiments described above, three or four
reference potential transmission lines are used to enable
the representation of four states in the one transistor
type memory cell. In these structures, one memory cell
performs the function of the two conventional memory
cells. Therefore, two banks can be achieved by using
one ROM and the ROM can have double a capacity of
the conventional ROM with the same number of mem-
ory cell transistors.

The structures described above can be expanded to
structures in which one memory cell achieves the func-
tion of conventional memory cells which are N in num-
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ber. For representing the states of the N memory cells -
by the one memory cell, it is necessary to represent the
states which are 2¥in a total number because each state
can take two states of “0” and *“1”’, This can be achieved
by providing 2V—1 reference potential transmission
lines including the ground line or 2V reference potential
transmission lines including both the power supply line
and the ground line.

FIG. 22 illustrates a list of the data which one mem-
ory cell can store in such a case that one ROM is used
for achieving three banks A, B and C. As shown in FIG.
22, if there are provided three banks, i.e., banks A, B
and C, there are eight kinds of possible data represented
by the one memory cell. Therefore, as shown in FIG.
23, seven lines 55a, 55b, 56a, 56b, 57a, 87b and 58 are
provided as the reference potential transmission lines.
‘The stored information in the memory cell is deter-
mined by the connection condition of the source of the
memory cell transistor 1, In the memory cell structure
shown in FIG. 23, the reference potential transmission
lines are controlled in pairs respectively including two
of the lines. : |

The reference potential transmission lines 552 and 555
are used to represent the bank A, the reference potential
transmission lines 56a and 565 are used to represent the
bank B and the reference potential transmission lines
S7a and §7b are used to represent the bank C. In this
case, the potentials of the reference potential transmis-
sion line pairs are set, correspondingly to the banks A,
B and C, in states reverse to the signal potentials of the
reference potential transmission lines representing the
other banks, respectively. Operations of the memory
cell structures shown in FIG. 23 are listed in FIG. 24.
As shown in FIG. 24, the potentials of only the refer-
ence potential transmission line pair corresponding to a
selected bank are rendered reverse with respect to those
of the reference potential transmission line pairs corre-
sponding to the remainder of the banks. For instance,
when the bank A is designated, the potential of the
reference potential transmission lines 55a and 55b are set
to be “L” and “H”, respectively, and the remainder of
the reference potential transmission lines 56a, 565, 574
and 57b are set at “H”, “L”, “H” and “L”, respectively.
As apparent from the list in FIG. 24, the memory cell
which stores the data corresponding to each of the three
banks A, B and C can be obtained by the memory cell
structure shown in FIG. 23.

FIG. 25 illustrates an example of specific structures of
the reference potential generation circuit 50 employed
for representing the data of each of the three banks in
this one memory cell.

In FIG. 2§, the reference potential generation circuit
3 includes gate circuit G1, G2 and G3 as well as invert-
ers IV11, IV12 and IV13. For selectively setting the
banks A, B and C, bank selection signals SO and S1 of 2
bits are used as the potential designating signals S.

The gate circuit G1 receives the signals SO and S1.
The inverter IV11 receives an output of the gate circuit
G1. The output of the gate circuit G1 is transmitted to
the reference potential transmission line 552, and the
output of the inverter IV11 is transmitted to the refer-
ence potential transmission line 55b. The gate circuit G1
outputs the signal of “L” when both the signals S0 and
S1 are “H”. |

The gate circuit G2 receives the signal S0 at its true
input and receives the signal S1 at its false input. The
inverter IV12 receives an output of the gate circuit G2.
The output of the gate circuit G2 is transmitted to the
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reference potential transmission line 564, and an output
of the inverter IV12 is transmitted to the reference
potential transmission line 565. The gate circuit G2
outputs the signal of “L” when the signal S0 is “H”’ and
the signal S1 is “L”. _

The gate circuit G3 receives the signal SO at its false
input and receives the signal S1 at its true input. The
inverter IV13 receives an output of the gate circuit G3.
The output of the gate circuit G3 is transmitted to the
reference potential transmission line $7q, and an output
of the inverter IV12 is transmitted to the reference
potential transmission line §7b. The gate circuit G3

18

are arranged to be in parallel with the bit lines 3a, 3b, .
.. . Now, the technical advantages of such arrangement
will be described in the following. |
FIG. 28 shows a layout of conventional ROM (read
only memory) cells, and FIG. 29 shows a cross sectional
view along the line A—A' shown in FIG. 28. The lay-

. out of FIG. 28 is adopted to the arrangement shown in

10

outputs the signal of “L” when the signal S0 is “L” and

the signal S1 is “H”.

The reference potential generation circuit 30 shown
in FIG. 25 is substantially a decoder, of which opera-
tions are listed in FIG. 26. As shown in FIG. 26, the
bank A is designated when both the signals S0 and S1
are “1”, the bank B 1s designated when they are “0”, and
the bank C is designated when they are “0” and “1”,
respectively. In FIG. 26, if the data ““1”’ and the data “0”
are set to correspond to the potential “H” and “L”,
respectively, the signals S1 and SO can designate the
selected bank. In the combinations of the signals S1 and

15

FIG. 4.

Referring to FIG. 28, word lines 2g and 2h is ar-
ranged to be parallel with an impurity diffusion region
4 which provides a common source region for each

- respective memory transistor on the word lines 2g and

2h. Bit lines 3/ and 3/ run intersecting the word lines 2g
and 24, and the diffusion region 4.

Under the word lines 2g and 24, a channel region is
formed. The channel region may be formed of an impu-
rity diffusion region as far as a channel is formed when
a corresponding word line is selected to have “H” po-
tential transmitted thereon. An impurity diffusion re-
gion 3ai is connected through a contact hole 300/ with
a bit line 3/ comprised of a metal interconnection layer.

- Animpurity diffusion region 3bj is connected to another

S0 shown in FIG. 26, if both are “0”, all the outputs of 25

the gate circuits G1-G3 become “H”. Since there is no
corresponding bank, this case is left as an unused condi-
tion or is used for setting the standby condition.
Although the structures shown in FIG. 22-26 employ
the bank selection signals as the potential designating
signals, the bank selection signals may be replaced with,
for instance, ROM selection signals SA and SB which
select the ROM’s in response to the operation modes
thereof, as shown in FIG. 6 and 7. Further, the program
ROM shown in FIG. 8 may have stored a program for
the normal operation and a program for a test in a test
operation or an interruption handling, and the programs
may be switched in accordance with the operation
mode, in which case operation modes designating sig-

bit line 3/ through a contact hole 300/, Impurity diffu-
sion regions 3ai, 3bi, 3aj and 3bj provides a drain region
of each memory transistor.

Referring to FIG. 29, a memory transistor comprises

the impurity diffusion region 3a/ connected through the

35

nals may be the potential setting signals S (S0 and S1). 40

Further, the embodiments described above have the
structures, in which one ROM represents a plurality of
ROM’s. Alternatively, a structure shown in FIG. 27
may be achieved. .

In FIG. 27, it is assumed that a memory cell array 60a
has addresses 0, 1, . . ., m, and each address corresponds
to one word line. Further, it is assumed that, in the
addresses 0, 1, . . ., n—1, a most significant address bit
XM corresponds to “0”, and in the address from n to m,
the most significant address bit XM corresponds to “1”,
In this case, if the most significant address bit XM is
applied to the reference potential generation circuit S0
as the potential designating signal, a number of word
lines in the memory cell array 605 is reduced down to a
half, as shown 1n FIG. 27. If the number of the address
bit XM is increased, the number of the memory cell
transistors in the memory cell array can be further re-
duced. Instead of the most significant address bit, lease
significant bit may be employed, in which case such
structures can be obtained that the reference potential is
. switched between the even addresses and the odd ad-

dresses. |

The open state of the memofy cell transistor may be.
achieved by setting the region 16 in the disconnected:

state (no-wiring state). The memory cell transistor 1
may have any structure.

In the arrangements shown in FIGS. 13, 15 and 17,
the reference potential transmission lines 4, 5¢ and 5b

45

30

33

contact hole 300: to the bit line 3; the word line 24 as a
gate electrode, and the impurity diffusion region 4.
Another memory transistor comprises the impurity
diffusion region 4 as a source, the word line 2g as a gate,
and the impurity diffusion region 35/ which is not con-
nected to the bit line 3. |

The impurity diffusion region 4 receives ground po-
tential. |

In operation, when the word line 24 is selected, a
channel is formed under the word line 24 in each mem-
ory transistor associated with the word line 24.

Charges precharged on the bit line 3/ are charged
through the contact hole 300 to the diffusion region 4,
while charges precharged on the bit line 3; are not dis-
charged because no contact hole is formed to the diffu-
sion layer 3aj.

This arrangement causes a following problem. A
word line has a plurality of memory transistors con-
nected thereto as shown in FIG. 30. In FIG. 30, a word
line WL has eight memory transistors M1 through MS.
The connection of each of memory transistors M1
through M8 to corresponding bit line (BL1 through
BL8) is determined depending on the storage data of
each memory transistor (M1 through MS8).

The impurity diffusion layer 4 comprising a ground

line GNDL has a relatively large resistance, and a resis-

tance r exits distributingly on the ground line GNDL..
If the word line WL is selected in data reading,

~ charges on bit lines associated with memory cells stor-

ing data “0” are discharged through these memory
transistors to the ground line GNDL. Consequently, a
large amount of current flow flows transiently through
the ground line GNDL to a ground, causing a change of
the ground potential, as shown in FIG. 31. This ground
potential change should be considered as a noise, which

- impedes a stable and reliable operation of ROM. Partic-

65

ularly, in fast operationization of ROM, the influence of

the ground potential becomes larger, causing an in-

crease of the access time and a decrease of operating
margin of ROM.
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In addition, the resistance r is distributed on the
ground potential line GNDL, which provides different
source potentials for respectwe memory transistors M1
through M8, as shown in FIG. 32. Thus, there is a possi-
bility that erroneous data may be read out, because of 5
the rise of source potential.

Thus, the arrangement shown in FIG. 28 cannot be
employed in the present invention. This is because if the
reference potential transmission lines 4, 5a and §b are
formed of impurity diffusion regions, an accurate 10
source potential can not be provided for the memory
transistors.

FIG. 33 shows a layout of ROM cells according to
the embodiment of the present invention.

Referring to FIG. 33, active regions 100 and 1005 15
each include two memory transistors. The active re-
gions 100a and 1005/ are isolated from each other by a
cell isolation region.

The active region 1002 and 1005 each comprise an
impurity diffusion regions 4004, 4005 and 400c. A chan- 20
nel region is formed underlying each word line 24 and
2b in each of the active regions 100g and 100b.

Bit lines 3a and 3b are arranged intersecting the word
lines 2a and 2b. A reference potential transmission lines
4a, 5a, 5b and 4b are arranged in parallel with the bit 25
lines 3a and 3b. The reference potential transmission
lines 4a, 5a, §5b and 4b each are comprised of metal
interconnection layer of a low resistivity such as alumi-
num (Al) line.

In the active region 100g, the impurity diffusion re- 30
gion 400z is connected to the reference potential trans-
mission line Sa through a contact hole 300, and the
impurity diffusion region 400c i1s connected to a ground
line 4a through a contact hole 300c.

In the active region 1005, the 1mpur1ty diffusion re- 35
gion 400z is connected through a contact hole 300¢ to
the reference potential transmission line 85, and the
impurity diffusion region 400c is connected to none of
reference potential transmission lines Sa, 55 and 40.

FI1G. 34 shows a cross sectional view along the line 40

B—B’' of FIG. 33, and FIG. 35 shows a diagram of
equivalent cell arrangement to that of FIG. 33.

Referring to FIGS. 34 and 35, a memory transistor
M1 comprises the diffusion region 4005 as a drain re-
gion connected to the bit line 3a through the contact 4S5
hole 3005, the impurity diffusion region 400a as a source
region connected through the contact hole 3004 to the
reference potential transmission line §q, and the word
line 2g as a gate.

Memory transistor M2 comprises the impurity diffu- 50
sion region 400 as a drain, the impurity diffusion region
400c as a source connected through the contact hole
300c¢ to the reference potential transmission line (ground
line) 4a, and the word line 2b as a gate.

Memory transistor M3 comprises the impurity diffu- 55
sion region 400a as a source connected to the reference
potential transmission line §b through the contact hole
300¢, the impurity diffusion region 400) as a drain con-
nected to the bit line 35 through the contact hole 3004,
~ and the word line 24 as a gate. 60

Mcmory transistor M4 comprises the unpunty diffu-
sion region 4005 as a drain connected to the bit line 35
through the contact hole 300d, the word line 2b as a
gate, and the impurity diffusion region 400c as a source
having no connection to any of the reference potential 65
transmission lines 4b, 5a and §b.

In the arrangement shown in FIGS. 33 through 35,
memory transistors M1 and M3 store data determined
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by the potentials on the reference potential transmission
lines Sa and 556. Memory transistor M2 stores data of
“0”, and memory transistor M4 stores data of “1”,

Data reading operation in the configuration shown in
FIGS. 33 through 35 is the same as that in the arrange-
ments shown in FIGS. 13, 15 and so on, and therefore
the explanation on the operation thereof will not be
repeated. |

In the arrangement shown in FIGS. 33 through 35,
the reference potential transmission lines 4, 8¢ and 55
are arranged to intersect the word lines 2¢ and 2b.
When a word line 2a or 2b is selected, a plurality of
memory transistors are simultaneously selected (in a
case of a word comprising a plurality of bits). However,
a reference potential transmission line 4, 5a or 556 re-
ceives a current flow at most from a single memory
transistor. Thus, each reference potential transmission
line 4, S5a and 5b receives less current flow than in the
arrangement shown in FIG. 28, so that rise of ground
potential due to discharging of bit lines can be reliably
prevented.

In addition, the refcrcnce potentlal transmission lines
4a, 5a and 5b and 45 comprise a metal interconnection
layer of a low resistivity. Thus, variation in source po-
tential of memory transistors due to current flow can be
ensurely prevented, because the small resistivity of the
reference potential transmission lines 4a, 45, Sa and 54
causes a very small, neglible voltage drop thereacross
even if a current flows therethrough.

Thus, very small current flow and low resistivity in
the reference potential transmission lines 4a, 4b, 52 and
5b provide, in combination, a stable and rehable fast
operable ROM.

In the arrangement shown in FIGS. 33 through 35,a
group of reference potential transmission lines 4, 5q and
5b 1s employed. However, a group of reference poten-
tial transmission lines 4, 5z and §b and 20 may be em-
ployed.

Further, the arrangement of FIG. 33 is also applica-
ble to the arrangements shown in FIGS. 19 and 23.

In the embodiments described above, although one
word line can represent a plurality of different ad-
dresses, simultaneous access to a same memory is impos-
sible. Then, structures for the simultaneous access to the
same memory will be described below.

FIG. 36 illustrates a whole structure of a read only
memory of a further embodiment of the invention. In
FIG. 36, a read only memory 600 includes a memory
cell array 106 in which memory cells are arranged in
columns and rows. The memory cell array 106 has an
internal structure, as will be specified later, in which
one memory cell can be accessed through a plurality of
mutually independent paths. FIG. 36 illustrates a struc-
ture in which the memory cell array 106 can be ac-
cessed through two paths. This read only memory 600

further includes a first decoder 108a for decoding a first

address input ADA and selecting a corresponding row
in the memory cell array 106, a decoder 1085 for decod-
ing a second address input ADB and selecting a corre-
sponding row in the memory cell array 106, a first out-
put circuit 109a for outputting data of a memory cell
selected by the decoder 1082 in the memory cell array
106, and a second output circuit 1095 for outputting
data of a memory cell selected by the decoder 1085 in

the memory cell array 106. The first output circuit 109a
outputs an output data DA and the second output cir-
cuit 1096 outputs an output data DB.
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This read only memory 600 further includes a control
circuit 120 responsive to externally applied control
signals CE and OE for outputting various internal con-
trol signals ATA’, ATB’, OEA, OEB, ¢pA and ¢pB,
precharge circuits 110g and 1105 responsive to the in-
ternal control signals ¢pA and ¢pB for precharging
potentials of the bit lines which are internal data trans-
mission lines in the memory cell array 106, and a refer-
ence potential setting circuit 111 responsive to an exter-
nally applied reference potential setting signal S for
generating reference potentials for setting information
stored in the respective memory cells in the memory
cell array 106. The control signals ATA' and ATB’
provide operation timings for the first and second de-
coders 1082 and 1085, respectively. The control signals
OEA and OEB provide output timings for the output
data DA and DB of the output circuits 109a and 1095.

The control circuit 120 generates the internal control
signals ¢pA and ¢pB, ATA', ATB', OEB and OEA in
response to the externally applied control signals CE
and OE. In the structure shown in FIG. 36, the decoder
1082 and the decoder 1085 operate at a same timing, the
precharge circuit 110g and the precharge circuit 1105
also operate at a same timing, and further the output
circuit 1092 and the output circuit 1095 operate at
same timing. However, the operation timings of these
circuits may be different. If different, two types of ex-
ternall lied control signals CE and OE, i.e., CEA,
CEB, EA and OEB may be applied to the control
circuit 120 so as to activate only one of the groups.
However, the following description will be made, as-
suming that each circuit block operates at the same
timing. Although the address inputs ADA and ADB are
applied to the decoders 108z and 1085, address inputs
from an address buffer which receives externally ap-
plied address inputs to generate internal addresses are
usually applied to the respective decoders 108¢ and
1085. This address buffer is eliminated in thc drawings
for clarification.

FIG. 37 schematically illustrates structures of a major
part of a read only memory shown in FIG. 36. In FIG.
37, the memory cell array 106 includes a word line
(select signal transmission line) WA1 disposed in a row
direction for receiving a row selection signal from the

22
tors STB1-STBn, which are associated to the respec-
tive bit lines BB1-BBn and are adapted to be turned on
in response to the selection signal from the decoder
1085 for connecting the corresponding bit lines to the
output circuit 1095. The decoder 108z applies the col-
umn selection signals to the respective selection transis-
tors STA1-STAn to turn on one of them. Similarly, the

- decoder 1085 applies the column selection signals to the
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respective selection transistors STB1-STBn to turn on
one of them. In FIG. 37, the selection signal transmis-
sion lines, which are used for the column selection sig-

‘nals from the decoders 1084 and 108, are illustrated in

an n-bit width. The output circuits 1092 and 1095 in-
clude sense amplifiers 1192 and 119b respectively

adapted to sense the data in the selected memory cells

for amplifying and outputting it. As shown in FIG. 37,

since the one memory cell 220 includes the two inde-

pendently selectable memory elements 1 and 15, two
kinds of data in the memory cell can be simultaneously

output, and also same memory cell data can be output
from the two output circuits 1092 and 1095.

FIG. 38 illustrates a specific structure of the memory
cell 220 shown in FIG. 37. In FIG. 38, the memory cell

220 includes two memory transistors 1g and 15. The
memory transistor 1¢ has a gate coupled to a word line

~ 2a, a drain coupled to a bit line 3a and a source coupled
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decoder 1085, and bit lines (internal data transmission 45

lines) BA1, BB1, BA2, BB2, ..., BAn and BBn for
transmitting information -stored in a memory cell 220
connected to a selected word line. Although there are
provided a plurality of word lines for receiving the
output of each of the decoders 108z and 1085, FIG. 37
illustrates only the representative word lines WA1 and
WB1 which receive one output from the decoder 1084
and one output from the decoder 1085, respectively.
Each memory cell 220 includes a first memory element
1a, which is set in the selected condition in response to
the selection signal on the word line WA1 and transmits
the stored information to the corresponding bit line BAi
(i=1, 2,...,n), and a second memory element 1),
which is set in the selected condition in response to the
selection signal on the word line WB1 and transmits the
stored information to the corresponding bit line BBi
(i=1,2,...,0).

The memory cell array 106 furthcr includes column
selection transistors STA1-STAn, which are associated
to the respective bit lines BA1-BAn and are adapted to
be turned on in response to the selection signal from the

50

S5

to a common node NA. The memory transistor 15 has a
gate coupled to a word line 25, a drain coupled to a bit
line 3b and a source coupled to a common node NA.
The word lines 2¢ and 2b correspond to the word lines
WAI1 and WBI1 shown in FIG. 37. Further, the bit lines
3a and 3b correspond to the bit lines BAi and BBi (i=1,
2,...,n), respectively.

The memory cell 220 further includes the reference
potential transmission lines 5a, 56 and 4 to which the
reference potentials are transmitted, respectively. Here,
the reference potential transmission line 4 has the poten-
tial set at the “L” level which is, for instance, the
ground potential level. The reference potential genera-
tion circuit 111 shown in FIG. 36 transmits the refer-
ence potentials to the reference potential transmission
lines Sa and 5b. The bit lines 3a and 3b each have pro-
vided at one side with precharge transistors TPA and
TPB, which are turned on, in response to the precharge
signals ¢pA and ¢pB, to precharge the bit lines 3g and -
35 to “H” which is, for instance, the operation power
supply potential Vcc level. Other ends of the bit lines 3a

-and 3b are connected to selection transistors STAi and

STBi.

The reference potential transmission lines 5q and 85
receive combinations of the reference potentials which
are similar to those in FIG. 12. The memory elements
1a and 15 store the same data. The word lines WAj and

'WBi each represent two addresses. A read operation of

the data.in one of the memory elements 1g and 15 is
performed in a manner similar to that already described

with reference to FIG. 12.

~ The stored information in the memory transistors 1a
and 1) are determined by whether the source terminals
thereof are connected through the common node NA to

~ the ground potential transmission line 4, to the first
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decoder 1084 for connecting the corresponding bit lines

to the output circuit 109g, and column selection transis-

reference potential transmission line 5a or to the second
reference potential transmission line 85, or by whether
this common node NA is in the open state disconnected
from all the reference potential transmission lines. Two
kinds of reference potentials are transmitted to the ref-
erence potential transmission lines 5¢ and 5b from the
reference potential setting circuit 111 (see FIG. 36). The
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reference potential setting circuit 111 responds to the
externally applied reference potential setting signal S
for the setting the reference potentials of the reference
potential transmission lines 52 and 5b. This reference
potential setting signal S may be any signal such as an
operation mode designating signal, bank selection signal
or address signal. Therefore, by the arrangement of the
reference potential transmission lines Sa and 5b and the
ground potential transmission line 4 common to all the
memory cells 220, two kinds of data can be stored in
every memory cell 220.

The memory cell 220 includes two memory transis-
tors 1g and 1b. The memory transistor 1a is turned on in
response to the selection signal WL on the word line 24
(WA.i). The other memory transistor 15 is turned on in
response to the selection signal WL on the word line 25
(WBI). Therefore, when the word line 2a is selected, the
stored information in the memory cell 220 is transmitted
to the bit line 3a, and, even if the word line 2b is simulta-
neously selected, the stored information in the memory
cell 220 is transmitted to the bit line 35 through the
memory cell transistor 15, Therefore, the one memory
cell 220 can be simultaneously accessed to read the
information therein through the two paths. In other
words, this memory cell 220 and a different memory
cell ,can be simultaneously accessed to read the data in
these two memory cells in parallel. Then, description
will be made with respect to operations for simulta-
neously accessing different addresses in a same memory
cycle.

FIG. 39 illustrates an example of arrangement of two
words (one word includes one bit) using the memory
cell shown in FIG. 38. In FIG. 39, a memory cell 220q
is set in the selected state by either the word line 24 or
2b. When the word line 2¢ is set in the selected state,
the memory cell 220¢ transmits the stored information
to the bit line 3a. When the word line 2b is set in the
selected state, the memory cell 220g transmits the stored

10

15

20

25

30

35

information to the bit line 35. A memory cell 2205 1s

selected by word lines 2¢ and 2d. When the word line 2¢
is set in the selected state, the memory cell 220b trans-
mits the stored information to the bit line 3a. When the
word line 24 is set in the selected state, the memory cell
220b transmits the stored information to the bit line 3b.
The word lines 2a and 2¢ are selected by the decoder
108a shown in FIG. 36, and the word lines 2 and 2d are
selected by the decoder 1085 shown in FIG. 36.

- Consideration will now be made to a case where the
word line 2z is set in the selected state in connection
with the memory cell 2202. In this case, the stored
information in the memory cell 220q is transmitted to
the bit line 3a. Also, with respect to the memory cell
220b, the decoder 108) can set the word line 24 in the
selected state. In this case, the stored information in the
memory cell 2205 is transmitted to the bit line 3b. The
data in the bit lines 3¢ and 35 can be transmitted individ-
ually through the column selection transistors STA1 and
STBj to the output circuits 109z and 109b. Therefore, in
one memory cycle, the stored information in the mem-
ory cell 220ag and the stored information in the memory
cell 2205 can be simultaneously read out.

In this case, the word lines 2b and 2¢ may be set in the
selected state so that the memory cells 220a and 2205
may transmit the information stored therein to the bit
lines 35 and 3a, respectively. Therefore, the decoders
1084 and 1086 may be simultaneously driven to select
the two memory cells for simultaneously reading the
 information in these selected memory cells.
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Also 1n the structure of the memory cell in FIG. 39,
the stored information in the respective memory cells
220a and 220b are determined by the connection rela-
tionship between the reference potential transmission
lines and the common node NA, and by the reference
potentials transmitted to the reference potential trans-
mission lines, similarly to those shown in FIG. 12. In
this case, each of the memory cells 2202 and 2206 can
store a plurality of words. Therefore, one memory cell
can store the information of a plurality of words in
accordance with its operation modes and can also re-

- duce the occupied area of the ROM to half or less the

area occupied by the conventional ROM. Further, this
ROM can simultaneously read the data from a plurality
of memory cells so that the occupied area thereof can be
smaller than the area occupied by two chips of the
conventional ROM. This impiements the ROM having
the small occupied area and the large storage capacity.

The reference potential gcnerauon circuit 111 may be
formed of the circuit shown in FIG. 18.

FIG. 38 illustrates the memory cell structure includ-
ing the three reference potential transmission lines. Al-
ternatively, a structure similar to the structures in FIG.
23 may be employed in which four reference potential
transmission lines are provided and the common node
NA of the memory cell transistors 1g and 15 is normally
connected to one of these four reference potential trans-
mission lines.

FIG. 40 illustrates a structure of a memory cell of a
ROM which is another embodiment of the invention. In
FIG. 40, in addition to the three reference potential
transmussion lines 4, 5z and 5b, there is provided a
fourth reference potential transmission line (power sup-
ply line) 70 for transmitting the reference potential Vcc
(e.g., operation power supply voltage). The stored data
in the memory cell is determined by the reference po-
tential transmission lines 4, 5a, 56 or 70 to which the
common node NA of the memory cell transistors 1z and
156 is connected. In this case, the common node NA of
the memory cell transistors 1a and 15 is normally con-
nected to one of these reference potential transmission
lines 4, Sa, 5b and 70. The potential of “L” is normally
transmitted to the ground potential transmission line 4
and the potential of “H” is normally transmitted to the
power supply potential transmission line 70. The poten-
tials of the first and second reference potential transmis-
sion lines S5a and 5b are set at either “H” or “L” in
response to the potential setting signal S.

‘The structure is equivalent to the structures as shown
in FIG. 19 and the stored data therein is same as that
shown in FIG. 20, so that detailed description thereof
will not be made hereinafter. Further, the structure can
be expanded to the structures shown in FIG. 23, and
also may be provided with 2V¥— 1 or 2¥reference poten-
tial transmission lines so as to represent N states by one
memory transistor. As a reference potential setting cir-
cuit in each case, it is possible to use the circuit previ-
ously described with reference to a one-memory-cell-
/one-transistor structure.

In the above embodiments, there have been described
the structures in which the memory cell includes the
two memory cell transistors and two kinds of memory
cell data can be read in parallel from the read only
memory. However, the number of the transistor in-
cluded in this memory cell may be three or more.

In the structure of the read only memory shown in
FIG. 36, the control circuit 120 generates various inter-
nal control signals in response to the control signals CE
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and OE. However, an address transition detection cir-
cuit may be provided for detecting change of externally
applied address inputs ADA and ADB, and outputs of
this address transition detection circuit may be used as
control signals for determining the internal operation
timings. Further, decoding operation timings of the
decoders 1082 and 1085 may not be determined by the
control signal from the control circuit 120, but the ad-
dress inputs ADA and ADB may be decoded as re-
ceived. In this case, the output states of the decoders
108z and 108b remain same until the address inputs
ADA and ADB changc

The structure using the address transition detection
signal as the internal clock slgnal may be apphed to the
read only memory shown in FIG. 10.

‘The reference potential transmission lines 4 and 70
may be constructed to receive the ground potential and
the power supply potential from an external.

The above described memory cell structures shown
in FIG. 38 and 40 enable the control system shown in
FIG. 9 to be constructed using only one ROM, and thus
the control system having a small occupmd area can be
constructed.

For the memory cell arrangement for the dual port
- ROM, the arrangements of FIGS. 33 through 35 may
also be employed.

In a multi-processor system for digital signal process-
ing purposes, the ROM of the invention can be used as

10

15

25

a common memory to construct a system in a small |

area, which can implement a high speed data process-
ing.

~ In the present invention, as descnbed hereinabove,
there are provided the reference potential transmission
lines of which potentials are changeable, and the data is
stored by virtue of the connection relationship between
the memory cell transistors and these reference poten-
tial transmission lines. This enables the storage of a
plurality of different word bids with the one memory
cell transistor, and thus reduces the scales of the ROM.
‘Thereby, e.g., for the digital signal processing purposes,
the occupied area of the ROM integrated together with
the signal processing circuit on a same chip can be re-
markably reduced. Further, this also remarkably re-
duces the number of the transistors in the memory cell
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array, and ensure a sufficiently large memory transistor 45

formation region in a same area.

Further, according to the structures of the invention,
one word line can correspond to a plurality of ad-
dresses, so that the number of the word lines can be
remarkably reduced as compared with that in the con-
ventional device, which also enables remarkable reduc-

tion of the scales of circuitry in the address decoder

part. For example, if one memory cell represents two
different word bits, the one word line corresponds to
the two addresses, so that the number of the transistors
in the memory cell array is reduced half (3) and the
number of the word lines is reduced half (3) as com-
pared to those of the conventional device, whereby the
device scales of the address decoder are reduced half or
less.

Further, since the one memory cell 1s formed of the
memory transistors which are mutually independently
accessible, so that a plurality of memory cells can be
simultaneously accessed in the same cycle and further
the same memory cell can be accessed in the same mem-
ory cycle.

As descnbed hercmabovc, it is possible to provide the.
read only memory which has the function possessed by
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a plurality of conventional semiconductor memory
devices and 1s suitable to highly integrated structures
with a small occupied area and a large storage capacity.
Although the present invention has been described
and illustrated in detail, it is clearly understood that the
same 1S by way of illustration and example only and is
not to be taken by way of limitation, the spirit and scope
of the present invention being limited only by the terms
of the appended claims.
What is claimed is:
1. A read only memory device comprising:
at least one bit line for transmitting internal data;
a plurality of word lines to which row driving signals
are transmitted, respectively;
a plurality of reference potential transmission lines
each for transmlttmg a predetermined potential;
potential setting means responsive to a potential des-
ignating signal for setting a potential of each of said
plurality of reference potential transmission lines:
and
a plurality of memory cells disposed at respective
intersections between said at least one bit line and
respective said word lines for respectively storing
data, each memory cell including a transistor ele-
ment formed to selectively connect and disconnect
one of said reference potential transmission lines to
and from an associated bit line in response to said
row driving signal on an associated word line,
wherein said plurality of reference potential transmis-
sion lines include one transmission line connected
to a first reference potential, and an even number of
additional potential transmission lines to which
potentials are applied at a variable level in accor-
dance with said potential desig’nating signal.
2. A read only memory device comprising:
at least one bit line for transmitting internal data:
a plurality of word lines to which row driving signals
are transmitted, respectively;
a plurality of reference potential transmission lines
each for transmitting a prcdetcrmmed potential;
potential setting means responsive to a potential des-
ignating signal for setting a potential of each of said
plurality of reference potentm] transmission lines;
and
a plurality of memory cells disposed at respective
intersections between said at least one bit line and
respective said word lines for respectively storing
data, each memory cell including a transistor ele-
ment formed to selectively connect and disconnect
one of said reference potential transmission lines to
and from an associated bit line in response to said

row driving signal on an associated word line,
wherein

said plurality of reference potential transmission lines
‘includes two transmission lines respectively con-
nected to a first reference potential and second
reference potential and an even number of addi-
tional reference potential transmission lines to
which potentials are applied at a variable level in
accordance with said potential designating signal;
and
‘each said transistor element having a first conduction
terminal fixedly connected to one of said plurality
of reference potential transmission lines.
3. A read only memory device comprising
at least one bit line for transmitting internal data:
a plurality of word lines to which row driving signals
are transmitted, respectively;
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a plurality of reference potential transmission lines
each for transmitting a predetermined potential;
potential setting means responsive to a potential des-
ignating signal for setting a potential of each of said
plurality of reference potential transmission lines:

and

plurality of memory cells disposed at respective

intersections between said at least one bit line and

respective said word lines for respectively storing
data, each memory cell including a transistor ele-
ment formed to selectively connect and disconnect
one of said reference potential transmission lines to
and from an associated bit line in response to said
row driving signal on an associated word line,
wherein |
said plurality of word lines include a first group of
word lines and a second group of word lines
adapted to transmit row selection signals indepen-
dently of said word lines in the first group;

-said at least one bit line includes a first bit line related
to said word lines in said first group, and a second
bit line related to said word lines in said second
group; and -

said each memory cell includes a first transistor ele-
ment disposed at an intersection between said first
bit line and a related word line in said first group,
and a second transistor element disposed at an in-
tersection between said second bit line and a re-
lated word line in said second group, conduction
terminals of said first and second transistors are
connected to a common node, and stored data
represented by said first and second transistors is

determined by connection conditions between said

plurality of reference potential transmission lines
and said first and second bit lines through said
common node. -
4. A read only memory device according to claim 3,
further comprising first read means for reading data on
said first bit line, and second read means disposed inde-
pendently of said first read means for reading data on
said second bit line. |
5. A read only memory device according to claim 3,
further comprising:
first decoder means for decoding an externally ap-
plied first address for transmitting a row selection
signal to corresponding one of said word lines in
said first group; and
second decoder means for decoding a second address,
which is externally applied independently of said
first address, for transmitting a row selection signal
to corresponding one of said word lines in said
second group.
6. A multi-accessible, multi-data storage element,
comprising:
a transistor element having sa control electrode for
 receiving a first row selection signal, a first conduc-
tion terminal coupled to a common node and a
second conduction terminal coupled to a first inter-
nal data transmission line; and |
a second transistor element having a control elec-
trode for receiving a second row selection signal
generated independently of said first row selection
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signal, a first conduction terminal coupled to said
common node, and a second conduction terminal

- coupled to a second internal data transmission line

disposed independently of said first internal data
transmission line;

said common node having one of either two states,

1. an open state, and |

il. receiving a reference potential which is selec-
tively established in response to an externally
applied potential designating signal.

1. A read only memory device comprising:

a plurality of bit lines arranged in columns:

a plurality of word lines arranged in rows:;

a reference potential line; |

a first transmission line for transmitting one of first

and second potential levels;
- a second transmussion line for transmitting a second
one of said first and second potential levels: and

a plurality of memory cells comprising MOS transis-

tors arranged in a matrix of said rows and columns,
gate electrodes of said transistors connected to
corresponding word lines, a first conductor elec-
trode of said transistors connected to a correspond-
ing bit line, a second conductor electrode of said
transistors selectively connected in one of the fol-
lowing manners,

1. to one of either said reference potential line, said
first transmission line, and said second transmis-
sion line, and

ii. disconnected from said reference potential line,
said first transmission line and said second trans-
mission line.

8. A read only memory device as recited in claim 7,
wherein said reference potential line and said first and
second transmission lines are arranged parallel to said
bit lines.

9. A read only memory device as recited in claim 7,
wherein said reference potential line comprises a plural-
ity of reference potential line portions each arranged in
a respective one of said columns and connectable to the
memory cells arranged in the corresponding column,
said first transmission line comprises a plurality of first
transmission line portions each arranged in respective
one of said columns and connectable to the memory
cells arranged in the corresponding column, and said
second transmission line comprises a plurality of second
transmission line portions each arranged in each respec-
tive one of said columns and connectable to the memory
cells arranged in the corresponding column.

10. A read only memory device as recited in claim 7,
wherein said reference potential line comprises a plural-
ity of reference potential line portions each arranged in
parallel to said bit lines and connectable to memory
cells arranged in two adjacent columns, said first trans-
mission line comprises a plurality of first transmission
line portions each arranged in parallel to said bit line
and connectable to memory cells arranged in two adja-
cent columns, and said second transmission line com-
prises a plurality of second transmission line portions
each arranged in parallel to said columns and connect-

able to memory cells arranged in two adjacent columns.
* * x 5 =
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